FLUORONITROSO  COMPOUNDS: 
SYNTHESIS  AND  REACTIONS 


FRANK  J.  P1SACANE 


UNIVERSITY  OF  FLORIDA 


ACKNOHLEDCaffii.TS 


ACKNOWLEDGMENTS 
LIST  OF  TABLES 
INTRODUCTION 


The  Addition  of  Nitrosyl  Chloride  in  Sunlight 

The  Addition  of  Nitrosyl  Chloride  in  an  Alttmin 
Dimethylformamide  System 

The  Reduction  of  Hitro  Compounds 

The  Diels— Alder  Addition  Products  of  Nitroso  C 
and  Dienes 

EXPERIMENTAL 

The  Addition  of  Nitrosyl  Chloride  to  Olefins  i 
Presence  of  Sunlight 


Chloride- 


14 


30 

31 


*3 


Preparative  Additions  of  Nitrosyl  Chloride  to  Olefins  in 
an  Aluminum  Chloride-Bimethylformsmide  System  48 

The  Reduction  of  1,2-Dichloro-l-nitrotrifluoroethane  54 

The  Reaction  of  Nitroso  Compounds  with  Dienes  55 

The  Cleavage  of  a-(l,2-Oichlorotrifluoroethyl)-3,3,4- 

trifluoro— 3,6-cihydro— 1,2-oxasinQ  58 

SUMMARY  60 

BIBLIOGRAPHY  . 62 


BIOGRAPHICAL  SKETCH 


LIST  OF  TABLES 


8-13 


OlSi^uith^'ltKisyl  Chloride  in  Sunlight  17-18 


22—23 


4.  Catalyst  Evaluations  ^5-46 

Aluminum  Chloride  and  DimethylfornaTri.de  47 


INTRODUCTION 


Florida  for  the  purposo  of  developing  elastomers  which  are  thermally 


Kasseldine  (9,  11,  12,  13,  1A,  21,  28,  32)  has  reported  that 
roSlefins  can  be  oopolymerised  with  fluoroalltylnitroso  compounds; 


CF2=CF2  + CFjNO  4j:-0-CF2-CF2An 


(7)  and  Haszeldine  (2?) 


the  pyrolys 


a fixture  of  nitrosyl  chloride  and  silver  trifluoroacetate  (or  hepta- 
fluorobutyrate),  after  the  removal  of  excess  nitrosyl  chloride,  gave 


CF3(CF2)nC02Ag 


nitromethane,  chlorotrifluoromethane,  and  hexafluoroethane.  Substantial 

McCreath  (6)  and  by  Taylor,  Brice,  and  Wear  (55).  By  purifying  the  in- 
termediate acyl  nitrite  before  the  pyrolysis  step,  the  first  group  of 
workers  were  able  to  obtain  heptafluoronitrosopropane  in  85  per  cent 


Since  it  has  been  reported  that  the  silver  salts  of  the  other  poly- 
trites  (55),  it  would  appear  that  the  pyrolysis  of  these  materials  is 
s is  carried  out  best  at  160  to 


polyiluoroacyl  nitr 


obtained. 


Thus,  equimolar  mixtures  of  nitrosyl  chloride  and  tetrafluoro- 


CF,=CF,  + S0C1  »-  CCFjCICFjNO]  — »-  CF2C1CF2K02  + CF2C1CF2C1 


21): 


Recently,  a group  of  Russian  chenists(20)  reported  that  nitrosyl 
chloride  could  be  added  to  tetrafluoroethylene  or  chlorotrifluoro- 
ethylene  in  35  per  cent  and  38  per  cent  yields,  respectively,  by  ultra- 
violet irradiation  of  a mixture  of  olefin,  nitric  oxide,  and  chlorine 
over  periods  of  1 to  2 days,  nitrosyl  bromide  was  also  added  to  give 
good  yields  of  adduct  by  this  procedure.  Park  (46)  has  reported  the 
successful  preparation  of  nitroso  compounds  by  passing  a mixture  of  one 
of  the  above  olefins  and  nitrosyl  chloride  (46)  through  a tube  packed 
with  a "50-50  mixture"  of  powdered  glass  and  ferric  chloride.  He  has 

will  effect  the  addition  of  nitrosyl  chloride  to  olefins.  However, 


tion  is  run  on  a large  scale  (23). 

The  addition  o f nitric  oxide  to  olefins  in  the  presence  of  ultras 
violet  light  has  not  yet  yielded  an  a.B-dinitroso  compound  as  many 
workers  have  hoped.  Xt  has  been  suggested  (16)  that  nitric  oxide  alone 
has  no  effect  on  the  organic  substrate  and  that  the  initial  attack  is 
by  nitrogen  dioxide.  Some  nitrogen  dioxide  is  probably  present  even 

The  result  is  that  a nitronitroso  derivative  is  produced  (1%,  44),  for 


CF2=CFC1  CF2(X02)CFC1-  1:0  a CF2(N02)CFC1N0 

nitrogen  trioxide  to  olefins  in  the  absence  of  light  (19). 

esting  to  note  that  the  addition  of  nitrogen  dioxide  to  olefins  some- 
times leads  to  the  formation  of  nitroso  compounds.  Usually  the  product 
is  a mixture  of  the  dinitro  and  nitronitrito  derivatives  (12,  25,  26, 
38).  However,  if  the  olefin  contains  chlorine,  nitrosyl  chloride  addi- 
tion products  can  also  be  obtained  (38) : 

NO, 

cf2=cjci  — =-*-  cf2(no2)cfcino2  + cf2(no2)cfciono 
cf2(ho2)cfciono  — i-  cf2(no2)cof  + N0C1 

H0C1  + CF2=CFC1  5-  CFjOlOFOllIO 

Recently,  Brooke,  Burdon,  and  Tatlow  (15)  have  prepared  penta- 


■F  F 

' O “! 

aromatic  aitroso  compounds  (E2). 

Knunyants  and  Sokolskii  (39)  have  reported  that  trifluoronitroso- 


CF-jCOHHOH 


CHjO 


acetyl  iodide  (35),  or  Ms-fluoroalkyl  aorcuiy  (43): 


(CF3)jAs  or  CFjCOX  ■ S^IS.- 
(Rf)2Eg  li°-/hY  f SfNO 


«ure  up  to  the  present  time  (1963). 


liter: 


CFgCICFCXNO 


CjFjNO 
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CFjCICFCISO 


cf2cicfci2 

In  the  reaction  illustrated  with  chlorotrifluoroethylene , about  a 2:1 
ratio  of  nitroso  and  dichloro  compounds  was  obtained.  The  chlorine  atom 
attacks  the  olefinic  carbon  atom  with  the  lowest  £ BAR  of  its  3Ubsti— 

chlorotrifluoroethylene , Hasaeldine  (12,  2o)  and  Yakubovich  (57)  found 
a material  to  which  they  assigned  the  structure  1,2-dichloro-l-nitrotri- 
fluoroethane.  Park  (A6)  has  questioned  the  results  of  these  workers 
and  reports  that  the  nitro  compound  obtained  is  actually  1,1-dichloro- 
2-nitrotrifluoroethane.  This  he  claims  arises  from  both  the  addition 
of  nitryi  chloride  and  from  the  disproportionation  of  the  nitroso  com- 
pound. O'Connor  (43) ■ in  his  studies  of  the  disproportionation  of  1,2- 

produced  Is  1,2-dichlorc-l-nitrotrifluoroethane  rather  than  the  other 
isomer  claimed  by  Park.  This  result  has  been  now  verified.  Chromato- 
gr&phically  pure  1,2-dichlorc— 1-nitrosotrifluoroethane  was  heated  in  a 


17 


Products  Obtained  in  this  Work  iron 
the  Reactions  of  Olefins  with  Nitre syl  Chloride 


Sunlight 


CF2C1CFC1N0 

CFjCicrcij 

CFgClCFClNOg 

CF,(H02)CFC12 

CFjCF(N0)CF2C1 

cf3cfcicf2ci 


CF3CFC1CF2K02 

cf3cozh 

C?3CK1CFCH0)CF3 

CtjCFCICFCICFj 

CF3CFC1CF(H02)CF3 


CFgCICFCINOg 
CF2(K02)CFC1CS 
CF2cicr;tfo)cH  (?) 


CFgCICFCIH 

C1(C2F3C1)S02 


36 

15.2 


19 


w 

26 


Major  Products  Obtained 


CFHC1C?2 

CB] 


The  observed  nitroso  product  can  bo  explained  in  terns  of  radical  [A] : 


still  renains  in  question. 

The  addition  to  2-B->ohlorotetrafluoropropene  is  an  interesting 
reaction  since  Lovelace's  rule  predicts  an  alraost  equal  probability  of 

2 EAR  for  -CH=  is  8. 3, Z BAR  for  C?,=  is  9.6.  Although  an  attack  on 

product  seems  to  indicate  that  sterio  factors  oause  the  attack  to  be  at 
the  terminal  carbon: 


propane. 

The  sunlight  addition  of  nitrosyl  chloride  to  olefins  is  further 


large  scale.  One  mole 


recovered  by  distillation. 

The  addition  of  nitrosyl  chloride  has  been  attempted  also  in  other 
solvent  systoas,  but  the  results  have  been  rather  disappointing.  In 
acetic  acid  no  reaction  was  observed,  whereas  in  bis-fJ-ciethoxyethyl  ether 
the  reaction  went  very  slowly.  Dimethylsulfoxide  was  decomposed  by  ni— 
irony 1 chloride  ard  was  therefore  considered  as  an  unsuitable  solvent. 

Aluminum  chloride  was  not  the  only  material  which  was  found  to 

best  catalyst  found,  which  was  lithium  chloride.  Lithium  salts  in  gen- 
eral wore  found  to  catalyse  the  reaction  in  the  order  UC1  > LiF  > 

Li3r  > Li:;0_.  Aluminum  bromide  also  was  found  to  catalyse  the  reaction 
but  appeared  to  give  rise  to  nitrosyl  bromide  addition  products  as  did 
lithium  bromide. 

Table  3 lists  the  results  of  a series  of  reactions  between  chloro- 
trifluoroethyiene  and  nitrosyl  chloride  run  under  identical  conditions 

not  be  obtained  even  in  the  most  reactive  system.  The  ability  of  each 
material  used  to  catalyse  the  reaction  aey  be  judged  from  the  amount  of 
nitroso  compound  produced. 

The  manner  in  which  the  aluminum  chloride  functions  has  not  been 
definitely  determined,  but  evidence  has  been  accumulated  which  seems  to 

Four  sealed  tubes  containing  the  following  mixtures  were  shslcen  in 
the  dark:  (1)  nitrosyl  chloride  and  chlorotrifluoroethylens ; (2)  ni— 
chloride,  chlorotrifluoroetfcylene,  and  aluminum  chloride;  (y) 


TABLE  3 

Moles  of  Products  Per  Hole  of  Recovered  Chlorotrifluoroethylene 
Obtained  Using  Different  Catalysts  Under  Identical  Conditions 


Catalyst  (0.1  Hole/200  sfl,.  BMF)  RJ.'O*  RC1*  RSO  * 


“*<*^3** 


HgF, 

HgCl2 

MgCl2 


LiF 

Lid 

LiSr 


HaCl** 

KC1»” 


0.15 

0.1 

0.15 


TABLE  3 (continued) 


KsCAClCril- 

The  materials  cannot  truly  be  compared  here  as  they  are  only  slightly 
soluble  in  dimethylx'or-_'iide.  The  solubility  of  KaCl  and  KOI  is  re- 
ported to  be  only  0.05  g./lOO  g.  EMF  at  25®.  (DuPont  technical  bui— 


nit  rosy! 


din.3thyifoma.nic3 ; (4) 


chloride,  chlorotrifluoroethylene,  Mid 
nitroayl  chloride,  chlorotrilluoroethylene,  aluminum  chloride,  and  di— 
methylformomido.  Both  of  the  reactions  with  aluminum  chloride  present 
produced  the  same  amount  of  1,2-dichloro-l-nitrosotrifluoroethane.  In 
the  absence  of  aluminum  chloride,  no  nitroso  product  was  formed.  Thus, 
aluminum  chloride  definitely  catalyses  the  reaction,  whereas  dimethyl— 


nitrosonium  tetrachlorosluminate  (47),  and  a materiel  which  fitted  the 
chloride,  chlorotrifluoroethylene,  and  aluminum  chloride  after  the  re- 


A1C1-  + M0C1  SO®  ilClj® 

CF2=CFC1  + nci°  s-  [AlClj—Cl—CFjit^CfU]® 

l 

*101.  + C?2ClCFCle 

C?2C1C?C19  + SO®  a-  CF2C1CFC1S0 

An  attack  on  the  olefin  by  a chloride  ion  alone  seems  unlikely  for 
a number  of  reasons.  Chloride  ion  would  most  probably  arise  from  the 
hydrolysis,  of  aluminum  chloride,  and  it  might  be  anticipated  therefore 
that  gaseous  hydrogen  chloride,  or  a concentrated  aquoous  solution  of  it. 
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The  salt  did  not  react  with  chlorotrifluoreethylene  in  a sealed  tube 
at  temperatures  from  25  to  100°.  It  did  not  react  in  acetonitrile, 
bis-d-nethoxyethyl  ether,  or  dinethylform.-j.iido.  Using  the  fact  that 

niua  tetrafluoroborate  was  prepared  in  situ  in  bi  s-d-methoxvethyl  ether 
and  dimethylformamide  while  chlorotrifluoroethylene  was  being  passed 


N0C1  ♦ Na3F4  h’OBP^  + Saa 


In  all  of  these  trials,  no  addition  of  nitrosyl'  fluoride  was  observed. 
This  is  consistent  with  the  olefin  not  being  attacked  by  the  nitrosonium 


The  addition  of  nitrosyl  chloride  in  the  presence  of  lithium  salts 
probably  proceeds  by  a similar  process  as  with  aluminum  chloride : 


H0C1  L x 1K>9  ' ,9  (.  ) 

LiXCl  + CF2=CFC1  s-  CFjClCFCi®  ♦ LiX 


It  is  interesting  to  note  that  lithium,  chloride  (also  aluminum  chloride) 
in  dimethylformsmidu  has  been  used  as  a dehydrohalogenation  agent,  and 

form  LiClX®. 


nitrosyl 
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CF 


with  stsric  considerations.  The  eclipsed  trifluoroaathyl  groups  ot  the 


therefore  be  at  a slightly  higher  energy  level  than  that  of  the  trans 

should  be  less  for  the  cis  olefin. 

Trifluoroethylene  reacted  to  yield  1 , 2-dichloro-l-nitrosotrifluoro- 
ethane  and  1,2-dichlorotrifluoroethane,  and  the  following  reaction  path 

CFZ=CFH  CFjCICFICl  + [CF2C1CFHB0] 

[CFjCICFHJW]  »-  [CF2C1CF=M0H]  »-  [CFjCICFCl-N  ' ] 


It  is  of  interest  to  note  that  Knunyants  (37)  found  trifli 
id  pentafluoroethane.  He  has  proposed  the  following  reaction 


analogous  path  may  also  be  wi 
oride,  and  it  is  difficult  tc 


listinguish  this  from  t 


h nitrosyl 


O'Connor  (43)  cleaved  bis-(1.2.2.2-tetrafluoroethyl)  mi 
nitrosyl  chloride  and  obtained  l-chloro-l-nitrosotetrafluon 


Dapounds,  although 


chlorin 


p-Trifluorovinylbenzotrifluoride  roadily  reacted  to  produce  the 
anticipated  chloronitroso-,  dichloro— , and  chloronitro— products : 

(X=  -SO,  -01,  -SOg) 

Recently  in  this  laboratory  Ward  Oliver  (51)  has  successfully  used 
the  aluminum  chloride-dimethylformamide  system  to  prepare  such  nitroso 
compounds  as  2-chloro-l-nitrosotrifluoroothyltrimethylsilane  and  h- 
chloro-4,h,3— trifluoro— J-nitroso-n-hutyl  trine  thylsilane. 


compounds,  Hitro  compounds  are  found  as  by— products  in  almost  all 
preparations  of  nitroso  corjpounds  and  also  can  to  prepared  independently 
by  a variety  of  methods  (12,  26,  33), 

It  is  vail  known  that  hydrocarbon  nitro  compounds  can  be  readily 
reduced  to  primary  amines.  Kith  aromatic  nitro  compounds  it  is  possible 
to  isolate  a number  of  intermediate  reduction  products  in  good  yield  by 


thus  seared  reasonable  to  investigate  the  possible  preparation  of 
fluorocarbon  nitroso  compounds  from  nitro  compounds. 


product  rapidly  polymerized 


0-.  .CF 
' CF-'/ 


It  is  interesting  to  note  that  only  a six-raenbered 
aietidir.es  (9),  but  an  analogous  reaction  vith  dienes  w. 


3i'  I 

CHj-CHCF^Fj 


C?3_M 

ch2=cb-cf-cf2 


really  too  surprising  if  one 


radical 


i 


,2-dichlorotri£luoroethyl)— 3,3,1*— trifluoro-3»6“ 


Ischlorination  of  Ml,2-dichlorotrifluoroethyl)-3,3,*l--trifluoro- 
3 , 6-<!ihydro— 1 , 2-oxasine  with  sine  dust  was  attempted  in  dioxane  and  in 
n-?ropanol.  In  the  first  system,  nest  of  the  starting  material  was  re- 


f infrared  and  n* 


and  elemantal  analysis,  the  lower  boiling  product  obtained  was  assigned 
structure  [A],  The  higher  boiling  material  apparently  had  either  struc- 
ture [B] , [C] , or  [D] , and  it  is  difficult  to  distinguish  one  from  the 


\&C{ 


-w*  - 


¥x  _ 


OFjClCFOlKeCHCE^CHCHjOCjiC, 

tB] 

■ cf2cicfcik=cfcb=chcbzoc3h7 

[c] 

CFjCICFCISeCFCeCH-CHj 

°¥? 


occurs  even  at  150°  over  a period  of  several  days. 

examines  with  fluorine-containing  rings  are  very  much  more  stable 
than  those  with  non-fluorine-containing  rings.  Rings  dorived  from  addi— 


addition 


■ 
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black  tarry  polyrasrs.  Rings  derived  from 


1,1,  2-trifluoro- 


A nuclear  magnetic  resonance  study  of  pure,  partially  decomposed, 
and  fully  decomposed  samples  of  2-(l-chlorohexafluoroisopropyl)-3,3,h- 
trifluorc-3 , 6-dihydro-l  ,2-oxaeine  indicated  that  the  decomposition  in- 
volves the  loss  of  fluorine  from  the  -CF^—  group  in  the  ring.  The 
infrared  spectra  of  the  decomposition  material  obtained  from  a number 
of  oxazines  having  this  ring  all  showed  similar  absorptions  and  identi- 
cal peaks  at  I83O  cm-1.  This  may  be  accounted  for  by  loss  of  fluorine 


The  nuclear  magnetic  resonance  spectrum  of  the  material  obtained 


from  the  decomposition  of  2-(l-chlorohexafluoroisopropyl)-3,3,b-tri- 
fluoro-3,6-dihydro-l,2-oxazine  showed  the  formation  of  a rather  unusual 
multiplet  at  — lhl.3  ppm.  relative  to  external  trifluoroacetic  acid  which 
was  split  by  spin-spin  coupling  into  a double-doublet  by  23.5  and  7.5 


— MF2  group.  A -COF  group  gives  a sharp  peak  while  an  —-IF,  group  pro- 


f the  oxasineshaving  a 


ring  derived  from  1,1,2-trifluorobutadiene,  the  solution  immed 


olocula 


■on.e-2.  In  a 3-liter  flask,  i 


each  of  ootafluorobutene-2  and  nitrosyl  chloride  were  irradiated  for  8 


(3.0  g.,  0.0118  mole,  19?  oonvorsioa),  2,3-dichloroBetafluorobutane  (6.1 
E. , 0.0225  mole,  38?  oonversioa),  and  3-ohloro-2-nitro8ctafluorobatane 
(6.9  g.,  0.0287  nole,  81(8  conversion). 

The  blue  nitroso  compound  was  identified  by  a comparison  of  its 
infrared  3pectrusn  with  that  of  the  nitroso  compound  prepared  from  the 


ua  chloride-dimethylfom 


acteristio  of  the  nitro  group.  Its  nuclear  magnetic  resonance  spectrum 
indicated  that  it  was  an  equal  mixture  of  erythro-  and  threo-3-chloro— 
2-nitroBctafluorobutane,  'o.p.  76-7°  (micro),  n-j  1.3202. 

Anal.  Calcd.  for  C^ClFgNO:  ?C,  17.05:  ?F,  53.99.  Found:  fC, 

18. 38:  ?F,  53.12. 

8.  Addition  to  triflucro acrylonitrile.  In  a 2-liter  flask,  O.O3S2 
mole  of  trifluoroacjylonitrile  and  of  nitrosyl  chloride  were  irradiated 


trifluoroacrylonitrile  (0.3  g. , 0.0028  mole,  7.55$  recovery),  1,2-dichlo- 
ro-l-oyanotrifloroothane  (1.8  g.,  0.0101  mole,  29%  yield,  26%  conver- 
sion), 1,2-dichloro-l-nitrotrifluoroothane  (0.2  g. , 0.001  mole,  2.9? 
yield,  2.6?  conversion),  and  1— chloro-l-oyano-2-nitrotrifluoroethane 
(1.0  g.,  0.0053  15?  yield,  18?  conversion). 


5-chlo 


liquid  gradually 


chlorotetrafluoropropana  (1.5  g.  > 0.00?  nole,  12.  conversion)  and 
2-H-2,3-dichloro-l-nitrotetrafluoropropane  (4  g.,  0.0175  nole,  31 i con- 
version). The  infrared  spectrum  of  the  nitro  compound  had  a typical 
nitro  group  absorption  at  6.25u.  Nuclear  magnetic  resonance  analysis 
shoved  its  structure  to  be  [A]  and  that  none  of  [B]  was  present: 

CF-C1-CH-CF,  CF-Cl-CH-CF. 

Clio  ioci 

[A]  [B] 

The  boiling  point  of  [A]  is  112.5°  (micro),  nj9  1.3756. 

Anal.  Calcd.  for  CjHCl^NOg!  j (C,  15.65:  $H,  0.43:  j6F,  33.04. 

Found:  5fc,  15.67:  $H,  0.65;  {F,  32.94. 

7.  Addition  to  l.l-dichloro-2.2-difluoroethvlene.  1,1-Dichloro- 
2,2-difluoroethylene  and  nitrosyl  chloride  (0.036  mole  each)  were  irra— 
dieted  for  1.5  hours.  The  color  of  the  mixture  turned  to  a brilliant, 
deep  blue,  and  a small  amount  of  blue  liquid  formed.  l,l,2-Trichlore-2,2- 
difluoro— 1— nitrosoetnane  was  separated,  b.p.  80°  (micro),  n^  1.400, 
molecular  weight  197  (calculated  for  CjCl^NO;  198.5).  The  infrared 
spectrum  shoved  a typical  absorption  at  6.2u  for  the  -NO  group. 

Anal.  Calcd.  for  C2C13F2N0:  SSCl,  53-5.  Found:  jfcl,  54.5. 

Catalyst  Studies  for  the  Addition  of  Nitrosyl  Chloride  to  Olefine 
- 1.  Evaluation  of  possible  catalytic  materials.  Each  trial  was 
carried  out  under  identical  conditions  and  in  the  same  equipment.  The 
reaction  vessel  vas  a 16  inch  x 1.5  inch  vertical  glass  tube  with  a gas 


Catalys 


LiF 


LiNO- 

NaF 


MaCl 

KF»* 


30  nin. 
1 hr. 
30  rdn. 


1 hr. 
30  min. 


0.153 

0.0952 

0.433 

0.233 


0.0298 

0.124 

0.0937 

0.0186 

0.0247 

0.0979 

O.O663 

0.0599 

0.0302 

0.0135 


0.164 

0.129 

O.O663 


* ' Those  "sal  is  were  only  partially  soluble  in  the  solvent  at  90°. 
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the  Roles  of  Aluminum  Chloride  Lid  Dimethylformaaide 


N0C1  (2.0  ml.,  0.04  mole)  X 
CF2=crci  (3.5  ml.,  0.04  mole)  X 
AlClj  (o.5  g.,  0.0045  mole) 

DMF  (5.0  ml.) 


nitroso,  3. 


traces  of  chlorotrifluoroethylene  (estimated  to  be  0. 0G45  g. ) and  nitro— 
syl  chloride  (0.15  g.)  were  recovered.  Tube  number  4 contained  slightly 

pound  (2.50  g.  and  0.95  g.  respectively).  The  other  tubes  contained  no 

acts  as  the  catalyst,  and  dimethylformamide  acts  only  as  a solvent. 

Another  tube  containing  chlorotrifluoroethylene  (12.0  g. , 0.1  mole), 
nitrosyl  chloride  (6.5  g. , 0.1  mole),  and  aluminum  chloride  (5.5  g>, 

0.05  mole)  was  sealed  and  shaken  2 hours  in  the  dark.  After  the  tube 
had  been  opened  and  all  volatile  materials  had  been  pumped  off,  8.5  g. 

heat  and  brown  fumes.  This  material  was  apparently  nitrosonium  tetra— 
chloroaluminate  (47)  and  was  obtained  almost  quantitatively. 

Preparative  Aiidl ti one  of  mt.mevl  Chlm-w  to 
Olefins  in  an  Aluminum  Chlorlde-Oimethylfornamide  System 

In  general,  two  sets  of  apparatus  were  used  for  additions  to  gaseous 
olefins.  (1)  A 250  to  500  ml. , >-necked  flask  was  fitted  with  a me- 
chanical stirrer,  a gas  inlet  tube  extending  almost  to  the  bottom  of 
the  flask,  a Dry  Ice— acetone  cooled  condenser,  and  a heating  mantle. 
Nitrosyl  chloride  and  olefin  were  then  bubbled  into  a warm,  stirred 
mixture  of  aluminum  chloride  and  dimethylformamide  and  refluxed  for  2 
to  4 hours.  The  products  were  then  distilled  out  of  the  flask.  (2)  An 
8 foot  x 5/6  inch  column  was  packed  with  l/8  inch  glass  helloes,  wrapped 
with  a heating  tape,  and  inclined  at  about  15°.  It  was  partially  fil- 
led with  a solution  of  aluminum  chloride  and  dimethylformamide , and 


safluoropropen 


3-necked  fla 


as  previously  described,  hexafluoropropene  (30  g. , 0.20  mole)  and  ni— 
trosyl  chloride  (I3.5  g.,  0.20  mole)  were  refluxed  with  a mixture  of 
aluminum  chloride  (22.7  g. , 0.20  mole)  and  dimethylforaamide  (100  ml.). 

2-nitrosohexafluoropropane  (0.014  mole,  28#  yield)  was  obtained. 

The  same  reaction  was  run  in  an  inclined  column  as  previously  de- 
scribed using  81  g.  of  nitrosyl  chloride  and  45  g.  of  hexafluoropropene. 
Eighteen  grams  (40#)  of  the  olefin  was  recovered.  About  1 g.  of  1,2- 
dichlorohexafluoropropane  was  obtained,  and  26  g.  (0.12  mole)  of  1— 
chloro-2-nitrosohexafluoropropane  was  obtained  in  67  per  cent  yield  and 


The  molecular  weight  of  the  nitroso  compound  was  determined  by 
Regnault's  method  to  be  215  (calculated  for  CjClFgNO,  215.5).  The 
structure,  CF2C1CF(N0)CF3,  was  confirmed  by  nuclear  magnetic  resonance 
analysis.  Its  boiling  point,  determined  isoteniscopically,  is  25°.  The 
vapor  pressure  curve  is  described  by  the  equation  log  !4s?.88-1485/T  over 
the  temperature  range  -1  to  -37°,  the  molar  heat  of  vaporisation  is  6800 

Aral.  Calcd.  for  C.ClFgNO:  #C,  16.71:  #P,  52.90.  Found:  #C, 
16.47:  #F,  52.60. 

1.  Addition  to  octafluorobutene-2.  No  reaction  was  obtained  on 
refluxing  octafluorobutene-2  and  nitrosyl  chloride  with  a mixture  of 
aluminum  chloride  and  dimethylformamide. 

umn  as  previously  described.  Nitrosyl  chloride  (64  g. , 0.98  mole)  and 
octafluorobutene-2  (67.5  g.,  0.337  mole)  were  passed  through  the  heated 


jthylforna.id.de 


by  distilla 


of  the  washed  condensate  was  recycled  for  a total  of  four  passes.  After 
the  last  pass,  40  g.  (60$  of  the  olefin  was  recovered. 

Thirteen  grans  (0.049  mole)  of  3-chloro-2-nitroso8etafluorobutane 

very  snail  anount  of  2 , >-dichloro8ctaflaorobutane  and  2.90  g.  of  y- 
chloro-2-nitro8ctafluorobutane  were  also  obtained.  The  molecular  weight 
of  the  nitro60  compound  was  determined  by  Regnault's  method  to  be  266 
(calculated  for  C^ClFgNO;  265.5).  The  structure,  CF.jCF(!iO)CFClCF y was 
confirmed  by  nuclear  magnetic  resonance  analysis.  Its  boiling  point, 
determined  isoteniscopically,  is  56°,  and  n^®  is  about  1.303*  The  vapor 
pressure  curve  is  described  by  the  equation  log  i>=7. 50-1525/T  over  the 
temperature  range  +2  to  — 3I0,  the  molar  heat  of  vaporisation  is  7000 
cal. /mole,  and  the  Trouton  constant  is  21. 3 cal. /mole-deg. 

Anal.  Calcd.  for  C^ClFgNO:  i (C,  18.08:  $?,  57.25.  Found:  jSC, 
18.44:  $F,  56.65. 

The  olefin  used  in  the  reaction  was  a mixture  of  cis-  and  trans- 
octafluorobutene-2.  The  ratio  of  cis  to  trans  isomer  was  determined  by 
nuclear  magnetic  resonance  analysis  to  be  1:2.5  before  the  reaction  and 

olefin  is  slightly  more  reactive  than  the  trans.  The  nitroso  compound 
was  obtained  as  an  equal  mixture  of  ervthro  and  threo  isomers,  also 
determined  by  nuclear  magnetic  resonance. 

4,  Addition  to  bromotrifluoroethvlene.  In  a column  as  previously 
described,  bromotrifluoroethylene  (42  g. , 0.26  mole)  and  nitrosyl  chlo- 
ride (55  g.,  0.84  mole)  were  passed  through  a solution  of  aluminum  chlo- 


and  dimethylformamide  at  50 


olefin 


obtained 
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in  a 1?  g.  yield  (0.072  Bole). 

7.  Addition  to  p-trlfluorovinylbenzotrifluoride.  One  and  a half 
grans  of  p-trifluorovinylbemotri  fluoride  was  reacted  with  nitrosyl 
chloride  in  a dinethylfornanide  solution  of  aluminun  chloride.  A green- 
colored  mixture  was  obtained  after  1.5  hours.  The  mixture  was  extracted 

duct  was  obtained.  This  was  separated  by  gas  chromatography  into  five 

Component  1 was  the  blue  p-(2-chloro— 1— ritrosotrifluorcethyljbenzo- 
trifluoride  , b.p.  ea.  180  to  185°  (micro)  with  decomposition. 

Anal.  Calcd.  for  CjH^ClFgNO:  ft,  36.99:  ft,  1.50.  Found:  ft, 

37.  ft,  1.63. 

Component  2 was  the  known  material  p-(l,2-diohlorotrifluoroethyl)- 
benzotri fluoride , b.p.  ca.  190“  (micro),  Hq  1.43525.  (Pavlath  and  Leffler 
reported  b.p.  188/751,  n20  1.4313)  (48). 

tion  at  6.25U.  It  was  assigned  the  structure  Cry^^CFf H02 JCFjCl 
rather  than  CF^^^CFC1CF2N02  after  comparing  its  infrared  spectrum 
with  those  of  p-( 1 ,2-dichlorotrifluoroethyl Jbenzotrifluoride , p-(2- 

bromo-l-chlorotrifluoroethyl)benso trifluoride , p-(2-bromo-l-chlorotri- 
fluorethyl)phenylcarboxylic  acid  and  the  starting  olefin. 

Components  4 and  5 were  not  identified. 

8.  Attempted  addition  to  2.3-dichlorohe*afluorobutene-2.  The  at- 
tempted addition  of  nitrosyl  chloride  to  2,3-dichlorohexafluorobutene-2 
yielded  only  a small  amount  of  2,2,3,3-tetraohlorohexafluorobutane. 


9.  Attempted  additic 
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10.  Addition  to  tetrafluoroothvlcnc  (31).  In  a typical  reaction, 
approximately  0.6  mole  of  anhydrous  C.P.  aluminum  chloride  dissolved  in 
350  ml.  of  reagent  grade  dimethylformamide  was  poured  into  a Pyrex  tower 
6 feet  high  and  1 inch  in  diameter.  The  tower  was  filled  with  8x8  mm. 
Raschig  rings,  then  0.68  mole  of  nitrosyl  chloride  was  dissolved  in  the 


and  a 49  per  cent  yield  of  the  desired  l-chloro-2-nitrosotetrafluoro- 


10 


boiling  materials.  The  crude  product  was  purified  by  distillation.  Sy 
(50). 


The  reduction  was  carried  out  under  a very  slow  stream  of  nitrogen 
in  a 250  ml.  flask  equipped  with  a stirrer,  a dropping  funnel,  and  an 

cooled  trap.  Nine  grams  of  1,2-dichloro-l-nitrotrifluoroethane  and  7 
ml.  of  6 N hydrochloric  acid  were  added  to  20  ml.  of  refluxing  dioxane 


Almost  immediately 


near  the  top  of  the  condenser  and  was  slowly  swept  into  the  cold  trap. 

hydrochloric  acid  was  added,  and  more  blue  material  formed.  Finally, 
10  ml.  of  concentrated  hydrochloric  acid  was  added,  and  the  reaction 


The  blue  material  collected  from  the  cold  trap  was  examined  by 
vapor  phase  chromatography  and  appeared  to  be  mostly  starting  material 
along  with  1,2-diehloro— 1-nitrosotrifluoroethane  (about  1 g. , 10  to  15# 
conversion).  The  presence  and  structure  of  the  nitroso  compound  was 
confirmed  by  sealing  the  crude  mixture  in  a tube  with  1,1,2-trifluoro- 
butadiene.  When  the  mixture  turned  colorless,  it  was  distilled.  The 

was  identical  to  that  of  2— (1,2-dichiorotrifluoroethyl)— 3,3.^~trifluoro- 
3,6-dihydro-l,a-oxasine,  b.p.  35  to  36“ /0. 5 mm,  nj9  1.4016  (43). 


The  Reaction  of  Mitroso  Compounds  with  Dienes 


In  general,  a heavy— jailed  Pyrex  tube  was  evacuated,  cooled  in  liq- 
uid nitrogen,  and  charged  with  weighed  amounts  of  the  nitroso  compound 


of  the 


Butadiene  (2  g. , 0.037  mole)  and  1— chloro- 2— nitrosohexafluoropropcne 

small  bit  or  polymer  and  2-(l-chlorohexafluoroisopropyl)— 3, 6-dihydro— 
1,2-oxazine  <5.4  g.,  0.02  mole,  87*  oonyersion),  b.p.  51-/9  mm,  n^ 
1.3916.  The  structure  given  was  confirmed  by  nuclear  magnetic  reso— 

Anal.  Calcd.  for  O^gClFgHO:  *C,  31.17:  *3,  2.23:  *F,  42.30. 

Found:  *0,  31.27:  #8,  2.37:  *F,  42.41. 

2,  Addition  of  l-chloro-2-nitrosofaexafluoropropane  to  1,1.2-tri- 
fluorobutadiene.  1,1,2-Trifluorobutadiene  (4.6  g.,  0.0425  mole)  and 
l-chloro-2-mitrosohexafluoropropane  (5  g.,  0.023  mole)  were  reacted. 

The  products  were  a polymer  and  2— ( 1-chlorohexafluoroisopropyl  )“3 , 3 , 4- 
trifluoro— 3 , 6-dihydro— i , 2-oxaaine  <4.3  g. , 0.0152  mole,  58*  conversion), 
b.p.  52-/5  mm,  n^1  I.3676.  The  structure  of  the  oxazine  was  confirmed 

Anal.  Calcd.  for  C^ClFyNO:  *C,  25.97:  *H,  0.93:  #?.  52.86. 

Found:  *C,  25.98;  *H,  1.06:  *F,  52.90. 

Addition  of  3-nitrosopentafIuoroorooene  to  1.1.2—  trlfluorobutar- 
diene.  When  the  reaoUon  was  carried  out  as  with  other  nitroso  com- 
pounds, it  resulted  in  a violent  explosion  about  half  an  hour  after  the 
tube  was  removed  from  the  liquid  nitrogen  bath.  Examination  of  frag- 
ments of  the  glass  tube  revealed  the  inner  side  to  be  covered  with  black 
soot.  The  reaction  was,  however,  successfully  carried  out  by  transfer- 
ring the  tube  from  the  liquid  nitrogen  bath  to  a Dry  Ice-acetone  bath 
and  allowing  this  to  slowly  warm  up  to  room  temperature  over  a period 
of  two  days.  Thus  1,1,2-trifluorobutadiene  (1.35  g-»  0.0125  mole) 


reacted  with  3-nitrosopentafluoropropene  (1,3  S>,  0.0081  mole)  to  yield 
a small  amount  of  polymer  and  2-(  2-pentafluoropropenyl  >-3  ■ 3 > 4~tri  fluoro- 
3, 6-di  hydro-1, 2-oxaiine  (0.75  g.,  0.0037  mole,  45g  conversion),  njp 
I.3605.  The  structure  of  the  oxaaine  was  confirmed  by  nuclear  magnetic 
resonance  analysis.  The  infrared  spectrum  had  an  absorption  at  5-6tt  for 

nal  double  bond,  -CF=CH-. 

Anal.  Calcd.  for  C^ILFqNO:  gc,  31.24:  gH,  l.ll!  gF,  56.46  ; gH, 

5.20.  Found:  gC,  31.41;  gH,  1.14;  gF,  56.68;  gN,  5.10. 

4.  Addition  of  1.2-dichloro-l-nitrosotrifluoroethano  to  1.1.2- 
trifluoro-3-ohlorobutadiene.  1,2— Dichioro—1— nit rosotrifluoroe thane  (1.85 
g.,  0.01  mole)  was  reacted  with  l,l,2-trifluoro-3-chlorobutadiene  (2.0 
g.,  0.014  mole).  About  0.7  g.  of  the  diene  was  recovered,  and  essen- 
tially no  polymer  was  formed.  The  product  obtained  was  confirmed  by 
nuclear  magnetic  resonance  analysis  to  be  2-(l,2-diehlorotrifluoroethyl)- 
5-chloro— 3,3,4— trifluoro-3, 6-dihydro— 1 ,2-0 xazin.e  (2.9  g. , 0.0087  mole, 

87g  conversion),  b.p.  45-460/1.5  mm,  n^  1.4155. 

Anal.  Calcd.  for  CgH^FgHO:  gc,  22.17;  gH,  0.62;  gF,  35.13. 

Found:  gC,  22.20;  gH,  0.85;  gF,  35.00. 

5.  Addition  of  1.2-diohloro-l-nitrosotrifluoroethane  to  3.4-dl— 
fluoroheob-1 . "r-dlene— 'y-a'ne.  Attempts  to  react  1,2-dichloro-l-nitroso— 
trifluoroethane  and  3,4-difluorohepb-l,3-diene-5-yne  in  the  usual  manner 
resulted  in  a violent  explosion.  It  was  therefore  necessary  to  seal 

the  reactants  in  a tube  at  liquid  nitrogen  temperature  and  then  to  trans- 
fer the  tube  to  a Dry  Ice-acetone  bath.  The  reaction  appeared  to  be 

blue  color  of  the  nitroso  oompound.  When  the  bath  was  allowed  to  warm 


slowly, 


polymeriz 


58 

zed  and  only  a 

tar  was  obtained, 

6,  Attempted  addition  of  1,2-dichloro— 1-nitrosotrifluoroethane  to 


1 .l-dichloro-2— fluoropent-1— en— ' i-yns.  1,2-Dichloro— 1-nitrosotrifluoro— 


day  period  at  room  temperature  or  at  55°  oyer  a period  of  one  day.  It 


2~  (l,  2-Dichlorotrifiuorco  thyl )— 3 , 3,  4— trifluoro- J , 6-dihydro-l , 2-oxar- 

zinc  was  washed  with  a little  n-propanol.  After  removal  of  the  solvent, 
reduced  pressure  distillation  of  the  residue  yielded  only  0.45  g.  of 
material,  b.p.  550/2™.,  njj2  1.4297.  There  was  no  recovered  starting 


Anal.  Calcd.  for  C^FOj : fc,  47.06;  fa,  2.94;  fF,  18. 63.  Found: 
fC,  46.98;  in,  3.03;  fF,  18.85. 

The  structure  of  the  second  component  could  not 


be  definitely 


below: 


CF^lCFCl-SaCF-CBsCHCl^-OCjHy 

CFjCICFCI-M^CK-CF^CH-CHj-O-Cj!^ 

CFjCICFCI-N^F-C^H-CHj 

^3*7 


Either  of  these  would  appear  to  be  consistent  with  the  nuclear  magnetic 
resonance  and  infrared  spectra. 

Anal.  Calcd.  for  CjHj^Cl^HO:  fC,  36.49:  *H,  3.?2:  SSF,  25.68. 
Found:  gC,  37.61;  gH,  4.14;  gF,  24.64. 


SUMMARY 


A study  Mas  nada  of  the  addition  of  nitrosyl  chloride  to  a number 
of  fluorodlefins  in  the  presence  of  sunlight.  With  chlorotrifluoro— 
ethylene  it  was  observed  for  the  first  time  that  a mixture  of  two  iso- 
meric nitro  compounds  is  produced:  1 ,1—dich-loro — 2— ni trot rif luoroe thane 
from  the  addition  of  nitryl  chloride  and  1 , 2-dichlorcKL— nitrotriiluoro- 
ethano  from  the  disproportionation  of  1,2-dichloro-l-nitrosotrifluoro- 

A new  method  was  developed  for  the  addition  of  nitrosyl  chloride 
to  olefins  which  involves  the  use  of  aluminum  chloride  as  a catalyst 
and  dimethylformamide  as  a solvent.  Other  solvent  and  catalyst  systems 
were  investigated  but  were  found  to  be  less  effective.  The  reactions 
with  gaseous  olefins  such  as  tetrafluoroethylene  or  chlorotrifluoro— 
ethylene  were  carried  out  in  a continuous  process  vhich  could  easily  be 
adapted  to  large  scale.  Evidence  is  given  to  support  the  following 

NCC1  + AlClj  »-  NO®  AlClj® 

A1014®  + CF2=CFC1  a-  [Cl3Al—ei--CF2it=CFCl]e 

I 

AlClj  + CFjCICFCl®  . 

CFjCICFCl®  + NO®  a-  CFgCICFCINO 


Several  fluoroalkyl  oitroeo  compounds  were  added  to  butadiene, 

1 .1.2- trifluorobutadieno , 3-ohlorcr-l , 1 , 2-trifluorobutadiene , and  3,V 
difluorohept-l,3-diene-5-yne.  Oxasines  were  obtained  and  the  mechanism 
of  the  reaction  is  discussed.  This  is  the  first  report  of  3-chloro— 

1.1.2— trifluorobutadiene  undergoing  the  Diels-Alder  reaction. 

2— (1, 2-Dichlorotrifluoroathyi  )-3 , 3 ,4-trifluoro-3 , 6-dihydro-l , 2- 
oxasine  was  cleaved  by  n-propanol,  and  a preliminary  investigation  of 
the  thermal  decomposition  of  oxasines  is  discussed. 
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